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directed my attention to the subject; and also to the Literary and
Philosophical Society of St. Andrews, for the free permission which
they accorded to me to examine and make notes of the beautiful speci-
mens from Dura Den, in the Geological collection of their Museum.

EXPLANATION OF PLATE XIV.
FIG. 1. Phaneropleuron elegans, natural size, from the Lower Carboniferous

Limestone of Burdiehouse.
FIGU 2. Another specimen, natural size, without the head, but showing the

extreme tip of the tail. The dorso-caudal fin is injured in front, and the direction of
the caudal axis slightly distorted, so as to spoil the beautiful, though gentle, upward
curvature which in the other specimens it is seen to have towards its termination.

I I . — O N A CIKQUE IN THE SYENITE HILLS OF SKTE.

By T. G. BONNET, M.A., F.G.S.

(Read before the Cambridge Philosophical Society, October 30, 1871.)

IN a communication to the Geological Society,1 " On the formation
of Cirques, and their bearing upon theories attributing the

excavation of Alpine valleys mainly to the action of Glaciers,"
I confined myself to the examination of Cirques in sedimentary
strata, and these to a large extent calcareous. I observed this
restriction because the most typical examples, so far as I could
ascertain, lay in non-crystalline districts, and because my own
experience had not presented to me any very striking instances in
other districts. The present brief paper is an attempt to show that,
under favourable circumstances, the principles there laid down may
also be applied to regions wherein crystalline rock exists.

A Cirque may be defined as a variety of what in Scotland is called
"a corrie," viz., a more or less semicircular recess in the heart of a
mountain region, and at or near the head of a valley, inclosed by
a high wall of approximately vertical cliffs.

In the above-named paper I attempted to show that these Cirques
could not be explained by: (a) what earlier geologists termed a
crater of elevation; (/3) or by any kind of marine action, such as
has excavated some of the coves which may be seen among coast
cliffs; (7) or by the action of a glacier ploughing up the ground ;
and that the only explanation, consistent with the phenomena which
they presented, was to attribute them to the erosive action of several
small streams of water, derived from sources higher up, which,
aided by atmospheric denudation,—rain, heat, frost,—cut their way
gradually backward into the mountain side.

At that time I put aside the question of how far a favourable
configuration of the surface was needed before these agents could
act, and by what physical causes it had been produced; all I
attempted to establish was, that Cirques in their present condition
are the result of the joint action of running water and meteoric
agents; and the same limitation must be supposed to hold in the
present paper.

1 Quart. Journ. Geol. Soc, vol. xxvii. p. 312.
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Before proceeding to discuss the formation of this Cirque in Skye,
a few words about the geology of the island may not be out of place.
Five very distinct regions are at once evident, even to the passing
traveller. To the south is a long rolling line of uplands—quartzites,
gneiss, and schists—resembling in their general contour the great
mainland mass of altered Cambrian and Silurian rocks, of which
they are only a prolongation. To this succeeds a wide open valley
or plain, the Strath, occupied by sedimentary rocks of Mesozoic age,
Lias, and Inferior Oolite, which, though occasionally shattered,
pierced, and overflowed by igneous rocks, rarely rises to any great
height above the sea.

Another mountain district now succeeds, itself comprising two
very distinct regions. To the west, rising some 3000 feet, are the
Cuchullin hills—wild aiguilles, whose crags of sombre hypersthene
rock offer the grandest scenery in Scotland; to the east, and lower
by full 1000 feet, is an irregular mass of hills of a peculiar rounded
contour, the Syenite region. To the north of this comes the unevenly
outlined trap district, forming the larger half of the island, where
huge sheets of basalt break through and overlie rocks of Oolitic age,
and rise occasionally in great plateaux to a height of full 1500 feet
above the sea.

The syenite of which I speak has burst through the Jurassic
rocks of the Strath, occasionally greatly displacing and altering
them. In colour it is reddish-grey, giving the hills in the distance
a tint varying from a rusty hue to one that in some lights is almost
white. It appears to consist chiefly of orthoclase-feldspar, and
hornblende, but weathers so easily that it is very difficult to obtain
a specimen unaffected by decomposition ; notwithstanding this, as is
the case with other hornblendic rocks, it is very tough and difficult
to break,1

The date of this syenite mass is as yet uncertain. Without doubt
it is posterior to all the Jurassic rocks of the island, and Professor
Geikie2 is of opinion that it, like the igneous rocks of the northern
plateaux, is of Miocene age. Neither is it easy to say how far its
present peculiar outline is the result of denudation. Without doubt
its summits have been lowered by the almost incessant showers that
have for thousands of years been driven against them by the Atlantic
breezes; and the valleys among them have, to a great extent, been
excavated by the same agencies, but still their peculiar forms,
reminding us of the Puy de Dome, Sarcoui, and other domite
hills in Auvergne, suggest that their present may, to a considerable
extent, resemble their original configuration, and that these great
bosses may have been excreted in a pasty state from numerous
subjacent vents.

To proceed, however, with the special subject of this paper. On
landing at Broadford, a little village at the north-east angle of the
Strath, I was at once struck with two conspicuous corries, one on
the side of Ben na Caillich, a fine dome-shaped mass of this syenite;

1 MacCulloch (Western Isles, vol. i., p. 267) notices this tendency to decompose.
2 Quart. Journ. Geol. Soc, TOI. xxvii., 282.
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the other in a mountain slightly behind it, the English name
of which would be the Eed Hill. Even at that distance I could see
that they had once been occupied by glaciers, and I determined on
the first opportunity to give them a closer examination. This
intention was not exactly carried out, for in the course of a devious
walk on Ben na Caillich, instituted with a view of such a visit,
I came upon the double cirque which forms the subject of this paper.

Fia. 1.—Rough Sketch Diagram of Cirques.

I>

A. Cliffs and very steep screes. B. Ice-worn slopes of rock. C. Moraine. D. Barn.
E. Saddle. The arrow indicates the direction of t ie Summit of Ben-na-Caillich.

It lies close to the head of a glen running behind Ben na Caillich,
which thus is only joined on to the general syenite massif by a
narrow saddle much lower than its summit. Heaps of moraine
matter strewn about the lower part of the glen showed that it had
once been occupied by a glacier; and presently we came upon a
well-marked lateral moraine on the flank of Ben na Caillieh, which
could be traced to within two or three hundred yards of the head
of the glen. Facing Ben na Caillich, and thus on the right bank of
the glen, though very close to its head, were two small but very
clearly marked Cirques. Each is inclosed by steep cliffs ; the floor,
as we may call it (though in this case it is on a considerable slope), is
ice-worn in several places, and in the middle of each a tiny rill, all
but dry, trickles down to form, when united, the little burn which
drains the glen. Though on a small scale, they were true Cirques ;
and in many respects might have been models of those which I
described on the Surenen Pass (Fig. 2).

Now here any notion of a crater of upheaval was absurd; one
could not in this sequestered nook explain them by any wash
of ocean-waves; to suppose that a glacier could have made them
was to endue it with a property of vertical excavation, that I
think the most ardent glacialist would hardly claim for it, and
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the comparatively small elevation of the mountain crest behind
them showed that they could not be explained by any hypothesis
of a long slope of snow pressing downwards upon the ground
beneath it. The only lofty slope was that of Ben na Caillich, and
that not only showed no corrie, but was in the wrong position.

But on looking closely at the cliffs, it was evident that, dry as they
were then, this was not always the case; again and again they are
seamed with tiny vertical furrows, streaks, and stains, which show
that often—probably after each heavy shower (and Skye is proverbial
for its rainy and stormy climate)—they drip with numerous rills.
These act both chemically and mechanically: attacking the alkaline
and calcareous silicates in the rock, and abrading it by the grit
which they sweep along. Heat and frost also act upon the saturated
rock; and so the cliff is sapped slowly back by the agency of these
almost invisible but resistless forces.

FIG. 2.—Rough Sketch of Cirque in Eothstock, Surenen Pass.

A. Clouds concealing peaks. B. Limestone cliffs.
C. Shaly slope, with small combes and snow-beds.
D. Shaly cliffs furrowed by streamlets.
E. Limestone cliffs, occasionally slightly grooved by streamlets.
F. Floor of Cirque, with talus-heaps at side.

But there is other evidence : the-ice-worn slopes below are strewn
with debris, and their junction with the cliff is almost everywhere
masked by screes. Beneath each one of these furrows which I have
mentioned is its own tiny talus of fresh-fallen debris, showing
whence it has come and by what path.

If it be urged that what I may call mere rain-drip, not yet col-
lected into anything more than slender rills, •which are dry again
after an hour or two's sunshine, is inadequate, when aided by other
meteoric agencies, to sap and remove solid rock, and hew back
the slopes into a cliff, I would call attention to the mountains
throughout all this syenite region. For several hundred feet from
their bases their flanks are thickly clothed with sallow, heather,
and coarse herbage, and even spotted with not a few patches
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of sodden peat; but the upper half is bare and bald, a stony desert;
for the rain brings down fresh streams of screes from above faster
than even the mountain grass can grow in a Hebridean summer.

Indeed, so rapid is this destructive agency, that in not a few
corries and cirques, here as elsewhere, the transporting power can
hardly keep pace with the excavatory. The water-saw and the ice-
wedge can quarry the rock faster than the stream can carry away
the spoil; and so, to some extent, they are counteracting themselves,
and the excavation is being filled up faster than it is being enlarged.

further, these Cirques, though not made by glaciers, have been
occupied by them. The ice-worn slopes at the very foot of the cliffs
show that comparatively little change has taken place since the
time when the last snow melted away from the head of the glen;

Fio. 3.—Cirque in Process of Formation. Pass near Engelberg.

A. Limestone cliff's. B. Shaly bank, with some trees, etc., out of which the streams break.
D. Cirque. The arrows mark Cascades.

they, therefore, were prior to the glacier, and far more the cause
of it than it of them. They must have been Cirques when the
approach of a polar climate first enabled the winter snow to remain
in these sheltered nooks all through the summer. Some modification
there would doubtless be then. The cliffs would still be cut back
by water in summer, by frost in winter; the talus borne away, or
crushed by the glacier ; the rocks below somewhat worn and
rounded; but still the completeness of the Cirque as a whole
forbids us—unless we assign it entirely to glacial action—to suppose
that it was more than slightly altered by this. It therefore, like
those which I examined in the Alps, shows that in crystalline, as in
sedimentary, districts the action of glaciers was little more than
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superficial. Since these Cirques also assign a far higher antiquity
to the principal physical features of a mountain region than the
upholders of the Glacier erosion theory appear to admit, and since
" rain and rivers " have been restricted to no particular geological
epoch, they, working " without haste, but without rest," may well
have hewn out in the long lapse of ages the present shapely contours
of hill and valley from the blocks left ready to their hands by other
natural forces.

HI.—ON TWO TJNDESCBIBED CONIFEROUS FBUITS FBOM THE SECONDABY
ROCKS OF BBITAIN.1

By WILLIAM CABRUTHEBS, F.E.S., F.G.S.

(PLATE XV.)

IT is a singular coincidence that in a former communication to this
MAGAZINE (Vol. VI., p. 1) I described, among other Coniferous

fruits, two from the Gault at Folkestone, the one the cone of a pine,
and the other of a Wellingtonia, and that in this communication I
propose to describe two hitherto unknown fruits from the same
deposit and found at the same locality, belonging also the one to a
Wellingtonia and the other to a pine. Although "the small pine-
cone already described (Pinites gracilis) differs in form and in the
arrangement of the scales from any known cone, recent or fossil, it
is more nearly related to that group of the section Pinea, the mem-
bers of which are now associated with the Wellingtonias in the
west of North America, than with any other member of the great
genus Pinus. I, however, hesitated to refer to this interesting fact,
because the occurrence of the two cones in the Gault might have
been due to their being accidentally brought into the same silt by
rivers having widely separated drainage areas. And it is easier to
keep back generalizations based on imperfect data, than to suppress
them after publication, •when in the progress of investigation they
are Bhown to be false. But I have now to describe a second pine-
cone more closely related to the Californian species of Pinea, and
with it a new species of Wellingtonia. These surely point with
tolerable certainty to the existence of a Coniferous vegetation on the
high lands of the Upper Cretaceous period having a fades similar
to that now existing in the mountains on the west of North
America, between the thirtieth and fortieth parallels of latitude.
No fossil referable to Sequoia has hitherto been found in strata older
than the Gault, and here on the first appearance of the genus we
find it associated with pines of the same group that now flourish by
its side in the New World.

Pinites hexagonus, sp. nov. (Plate XV.) Cone elongate-oblong,
decreasing equally from the middle towards the similarly-formed
and truncate base and apex. Apophyses of the scales hexagonal
throughout, thickened, scarcely elevated towards the central umbo,

1 This paper is supplementary to one published in Vol. VI. of the GEOLOGICAL
MAGAZINE, at page 1.


